Background The oncologic outcome of laparoscopic radical gastrectomy (LG) with open radical gastrectomy (OG) for gastric cancer with preoperative enlarged lymph nodes (LNs) remains ambiguous. Methods The long-term outcomes of LG (n = 855) versus OG (n = 154) in gastric adenocarcinoma patients were analyzed retrospectively. Patients were stratified according to enlarged (> 10 mm) and small (≤ 10 mm) LNs (ELN and SLN) based on the long-axis diameter of the LNs. Results The violin plot indicates that the distribution of ELN size was similar between two groups. Survival curves demonstrated that the overall survival (OS) in LG is enhanced compared with OG (p = 0.034). A stratified analysis revealed that the OS was better in the LG group compared with the OG group for patients with ELNs (p = 0.038). In a forest map analysis, the actual 3-year OS rate for LG was significantly increased compared with OG in enlarged suprapancreatic LN (ESLNs) patients. Stratified analysis based on different diameters of ESLNs revealed that the actual 3-year OS and cancerspecific survival (CSS)rate for LG was significant increased compared to OG with a diameter from 1.0 to 1.9 cm for pII or pIII stage patients. However, the actual 3-year OS and CSS rate for LG was significantly reduced compared with OG when the size exceeded 2.5 cm. Conclusions For advanced gastric cancer with an ESLN diameter from 1.0 to 1.9 cm, LG could be chosen preferentially; nevertheless, LG is not safe if ESLN are > 2.5 cm.
Introduction
Lymph node metastasis (LNM) is the most common pattern of metastatic spread in gastric cancer [1] [2] [3] . Therefore, gastric cancer, especially in advanced stages, presents with enlarged lymph nodes (ELNs). An ideal curative operation for gastric cancer can only be achieved via the complete dissection of perigastric LNs, including ELNs. Since the first reported laparoscopic gastrectomy for early gastric cancer by Kitano in 1994 [4] , this technical approach has developed rapidly because its minimally invasive nature confers advantages over open radical gastrectomy (OG), including reduced blood loss, reduced pain, an accelerated recovery, and better cosmetic results; laparoscopic gastrectomy provides not only favorable short-term outcomes but also equivalent oncologic outcomes [5] [6] [7] [8] [9] [10] .
Improvements in laparoscopic techniques and surgical instruments have led to the development of laparoscopicassisted gastrectomy with lymphadenectomy for gastric cancer. Accordingly, laparoscopic radical gastrectomy (LG) has been increasingly performed for advanced gastric cancers with good LN dissection efficacy and short-term outcomes as reported by several retrospective studies [11] [12] [13] . However, given the lack of large-scale data concerning the longterm outcomes for these patients, the use of laparoscopic gastrectomy for the treatment of advanced gastric cancer remains a contentious issue.
ELNs increase the difficulty of lymphadenectomies for gastric cancer, and whether LG can achieve optimal longterm oncologic results for gastric cancer with ELNs has not been determined to date. Moreover, to the best of our knowledge, no study has compared the long-term results of LG and OG in patients with ELNs. This delay hampers the advancement and expanded use of the laparoscopic approach in the treatment of more advanced stages of gastric cancer. Consequently, before laparoscopy can become a universally applicable surgery for most patients with ELNs, the analysis of these long-term outcomes is required. Therefore, the aim of this study was to evaluate the long-term oncologic outcomes of LG for gastric cancer patients with preoperative ELNs by comparing them with those of patients who underwent OG by analyzing the long-term follow-up data of a large number of patients from our center. This information provides a reference for clinical practice before prospective studies confirm these data.
Materials and methods

Patients
From December 2009 to May 2012, a retrospectively maintained database identified 1081 patients with gastric cancer who underwent radical gastrectomy with the same surgical team with more than 1000 OG and 500 LG experiences at Fujian Medical University Union Hospital in China. Patient demographics, underlying diseases, data on surgery, and data on preoperative and postoperative monitoring including complications and the regular follow-up results were recorded into this clinical database system by the research assistant periodically, which was reviewed and verified by the senior doctors. Radical gastrectomy requires an adequate margin of normal tissue around the tumor, resection of at least two-thirds of the stomach, dissection of perigastric lymph nodes, and en-bloc removal of organs involved by direct extension. In this study, 35 non-radical gastrectomies were excluded in the same time. Patients with T4b (n = 57), remnant gastric cancer (n = 14) and splenectomy due to ELNs at the splenic hilus (n = 1) were also excluded. In total, 1009 patients were included in this study. Of these patients, 855 patients underwent LG, and 154 patients underwent OG. The rate of R1 resection due to pathological margin in LG and OG groups was similar [1.4% (13/917) vs. 2.2% (4/181), P = 0.438]. The diameter of each LN was measured using transverse multidetector-row computed tomography (MDCT) images and was recorded by two experienced radiologists. The slice thickness of MDCT was 0.625-2.5 mm according to different equipment. LNs with a long-axis diameter greater than 10 mm were regarded as clinically metastasized according to the Refs. [14] [15] [16] . Patients were stratified by large (> 10 mm) and small (≤ 10 mm) LNs (ELN and SLN) based on the long-axis diameter of the LNs as measured preoperatively. Patients who diagnosed with cT1 to cT4a and without clinical evidence of distant metastases were informed of the possible complications of the procedure and the advantages and disadvantages of a laparoscopic compared with an open approach. Written informed consent was obtained from all patients prior to the operation. As for the cases with an enlarge LNs, they were all presented at multi-disciplinary rounds in our institution. This study was approved by the institutional review board of Fujian Medical University Union Hospital (Approval number: 20070428).
Preoperative imaging studies were routinely performed following endoscopic examination and upper gastrointestinal contrast to confirm the tumor location, including chest radiography, computed tomography (CT) scanning, and ultrasonography (US) of the abdomen to evaluate the diameter of LNs. Bone scanning and PET-CT were not a routine examination for all the patients, but only performed for the patients with clinical suspicion of distant metastasis in our center. Staging was determined according to the 7th edition of the International Union Against Cancer (UICC)'s TNM classifications [17] . Postoperative follow-ups were performed every 3 months for 2 years and then every 6 months from years 3 to 5. Adjuvant chemotherapy with 5-fluorouracil (5-FU)-based regimens (mostly 5-FU with cisplatin) was recommended to most patients with advanced gastric cancer.
The inclusion criteria were as follows: histologically confirmed gastric cancer based on the analyses of endoscopic biopsy specimens; pathologically confirmed stage T1-T4a; no evidence of distant metastasis by means of the aforementioned examinations; no evidence of adjacent organ invasion (pancreas, spleen, liver, colon, etc.) or obvious ELNs around the abdominal aorta; and completion of curative R0 according to the pathological diagnosis after surgery. The exclusion criteria included the following: remnant gastric cancer; intraoperative evidence of peritoneally disseminated or distant metastasis; pathologically confirmed T4b stage or combined major organ resection; incomplete pathological data; combined splenectomy due to enlarged splenic hilar LNs; and conversion to open surgery. A conversion to open laparotomy was required in 5 patients (0.58%). The reasons for conversion were uncontrolled diffuse bleeding in the operation field for 3 cases, abdominal adhesions for 1 patient, and peripheral viscera injuries in 1 patient.
Variable definitions
It is quite difficult to accurately confirm which nodal group the ELNs belong to prior to operation. Thus in this study, the ELNs were divided into five areas according to their approximate anatomical location. Specifically 
Surgical procedures
The OG procedure was performed in a standard fashion, through a midline incision. The sequence of the lymphadenectomy of LAG was as follows. (1) 
Follow-up
Postoperative follow-ups were performed every 3 months for 2 years and then every 6 months from years 3 to 5. Most routine patient follow-up appointments included a physical examination, laboratory tests (including assessing CA19-9, CA72-4, and CEA levels), chest radiography, abdominopelvic ultrasonography or CT and an annual endoscopic examination. Overall survival was calculated from the day of surgery until death or until the final follow-up date, whichever occurred first.
Statistical analysis
All of the statistical analyses were performed using SPSS v. 18.0 for Windows (SPSS Inc., Chicago, IL), and violin plots were generated with the R (v.3.2.5) program. All continuous variables were presented as the mean ± standard deviation. Chi-square or Fisher's exact tests were used for categorical variables. Cumulative survival rates were compared using the Kaplan-Meier method and log-rank test. Regression analysis was performed using the Cox proportional hazards regression model in multivariate analyses. Values of P < 0.05 were considered statistically significant. Table 1 shows the clinicopathologic characteristics of all patients. The characteristics of LG and OG groups were similar except BMI, tumor location and reconstruction method. Compared with OG, LG was associated with more LNs retrieved and reduced intraoperative time, intraoperative blood loss and postoperative morbidity (all P < 0.05). A total of 66.8% (571/855) of the LG patients and 74.0% (114/154) of OG patients had ELNs, but the difference was not significant (P = 0.091). The Supplementary Fig. 1 showed that the distribution of LN size was significant different between each pN stage (P < 0.001) (Supplementary material 1). The distribution of pN positivity in SLN or ELN patients was also comparable between the two groups (Supplementary material 2).
Results
Patient characteristics of LG and OG groups
The distribution of ELNs in two groups
The violin plot revealed that the LG and OG groups have the same median diameter of ELNs (1.3 cm), and the distribution of ELN size was similar between the two groups ( Fig. 1) . The correlation between the size of LNs detected by CT and the positivity of LNs was showed in the Supplementary Table (Supplementary material 3).The incidence of ELNs in areas I to IV in the LG and OG groups was 23.9 vs. 29.2% (P = 0.156), 54.9 vs. 55.4% (P = 0.710), 46.8 vs. 49.4% (P = 0.599) and 12.9 vs. 16.7% (P = 0.630), respectively, which was also similar between the two groups.
Surgical quality of LN dissection between the two groups
Compared with the OG group, the LG group was associated with more retrieved LNs (31.6 ± 11.8 vs. 27.7 ± 12.3, P < 0.001). For patients with SLN, a stratified analysis revealed that the number of LNs retrieved in LG was also significantly greater compared with patients undergoing OG. Regarding patients with ELN, the number of harvested LNs was similar between the two groups. Further stratified analysis based on the dissected areas revealed that among patients with SLN, patients in the LG group had significantly more LN dissections than patients in the OG group in all four areas. Significantly, more LN dissections were harvested in area II in the LG group, whereas a comparable number of LNs were retrieved in both groups from areas I, III and IV (Table 2) . 
Survival analysis between two groups
Of all patients, 939 (93.1%) completed a postoperative follow-up, and the median follow-up period was 50 (range 3-76) months. For SLN patients, a stratified analysis revealed no difference in the OS between the two groups (P = 0.867); however, the OS was better in the LG group compared with the OG group for ELN patients (P = 0.038). Furthermore, we stratified the analysis based on the pN stage. For pN + patients with ELNs, the OS in the LG group is also superior to that for OG (P = 0.009), whereas the OS is similar between the two groups for pN0 patients with ELNs and pN0 and pN+ patients with SLN (Fig. 2) . In a forest map analysis of all patients, the actual 3-year OS rate in the LG group was equivalent to the OG group with the exception of those with a Charlson score 1 or 2 and patients without ELNs in area IV. In a stratified analysis of SLN patients, the actual 3-year OS rate was similar between the two groups. In contrast, for ELN patients, the actual 3-year OS rate in the LG group was significantly increased compared with the OG group with enlarged suprapancreatic LNs (ESLNs). However, the actual 3-year OS rates were similar between the two groups with ELNs in the other areas (Fig. 3) . Cox regression indicated that pTNM stage and the degree of LN dissention were independent prognostic factors for patients with ESLNs regardless of undergoing LG (Table 3 , Supplementary material 4).
The relation between ESLN size and prognosis between the two groups
Further stratified analysis based on the different diameters of ESLNs revealed no difference in the actual 3-year OS and cancer-specific survival (CSS)rates between LG and OG in stage I patients with similar LN sizes. For stage II or III patients, the actual 3-year OS and CSS rate in the LG group was significantly increased compared with the OG group for patients with a LN diameter from 1.0 to 1.9 cm (all P < 0.05). However, if the diameter was greater than 1.9 cm, the 3-year OS and CSS rate in the LG group gradually declined as the size of ESLN increased, and the rate was significantly reduced compared with OG when the size exceeded 2.5 cm (Fig. 4, Supplementary material 5) . The patterns of initial recurrence showed that the recurrence rate and recurrence model was similar between two groups with similar ESLNs sizes, although LG group seem suffer more locoregional recurrence when the size exceeded 2.5 cm. (Supplementary material 6) .
Discussion
The lymph node stations classification by Japan Gastric Cancer Association is grouped according to the intraoperative relationship between LNs and corresponding vessels. The purpose of our study focuses on the oncologic outcome of LG with OG for gastric cancer with preoperative ELNs. However, for the gastric cancer patients with enlarged or fusional LNs, it cannot completely and accurately confirm them in accordance with the classification of Japan Gastric Cancer Association before operation. Therefore, to better assess the preoperative LNs distribution, we divide the ELNs into I to IV by their anatomical site, which is easy to be evaluated by preoperative CT. In China, most patients with gastric cancer are diagnosed at an advanced stage, often with enlarged perigastric LNs [22] . The development of techniques, apparatuses and instruments has made it possible for LG to be applied in advanced gastric cancer with satisfactory surgical results. Few studies to date have reported the feasibility of LG for The study demonstrated no significant differences between the two groups concerning the number of dissected lymph nodes. There studies suggested that laparoscopy-assisted gastrectomy D2 radical surgery for advanced gastric carcinoma is feasible and safe, and the number of harvested lymph node is the same with open surgery. As with other laparoscopic procedures, there is a learning curve associated with performing LG. Many surgeons are starting to perform this procedure with the tacit acceptance of a lengthy operation time because they often perceive LG to be a complicated technique inevitably subjected to the learning curve effect. A study by Kunisaki et al. [25] focused on one surgeon's surgical learning curve with LG and showed that the operating time was reduced to 230 min after 60 cases. Our team performed its first LG for early gastric cancer in 2007. After ''climbing up'' the learning curve, we found that the operation time gradually decreased from our previous study. The average operation time was 237 min after 218 patients [26] and decreased to 196 min after we completed 1380 cases [27] . Now, the average operation time is only 171 min in this study. A stable team with a tacit understanding plays an important role in laparoscopic gastrectomy, making the operation easier and faster. With the increasing cases in our center, LG and OG are gradually mature and reach a plateau. While Lymph node dissection and digestive tract reconstruction were relatively fixed and comparable in the two groups, the opening and closing the large abdominal incision in OG involved more time than the assisted small incision in the LG. Therefore, it could be inferred that LG had advantage over OG in terms of operation time. However, it is only the result of our single center, which still needs further evaluation by multicenter data. However, when focusing on comparing the significance of the T classification of LG to OG [11, 12] , these studies do not address the differences in efficacy in gastric cancer patients with and without preoperative ELNs. This information is important when deciding the surgical procedures preoperatively based on preoperative examinations. For example, MDCT has more advantages in the judgment of enlarged LNs compared with T classification [28] . Enlarged perigastric lymph nodes complicate the anatomy by pressing or wrapping blood vessels or damaging the local fascia structure. This phenomenon can result in an inaccurate location at the anatomical level or the dissection of blood vessels mistaken for ELNS, thereby increasing the difficulty and risk of LN dissection.
Therefore, the main concern of scholars lies in the curative effect of LN dissections, which is evaluated primarily on the basis of the number of LNs dissected [29] . The results of our study indicate that the total retrieved LNs from LG are significantly increased compared with those from OG and patients with ESLNs. In addition, LG is conducted with significantly less surgery time, reduced blood loss and fewer postoperative complications than OG. Though the rate of D1 + LN dissection in the LG was 21.6% while that of OG groups was 13.6%, such difference was not significant. As our study focused on the oncological difference between the two groups with ELN patients, we did not exclude the patients with previous abdominal surgery. Moreover, the further stratification analysis on the influence of the history of abdominal surgery showed that there was no difference in the operation time between the two groups. The amplification effect of the laparoscope could also help surgeons better identify the anatomic space between ELNs and blood vessels, and the surrounding structures by displaying subtler vasculature, nerves and fascia. Moreover, the laparoscopic view provides the surgeon with a better feel of the anatomical complexities when using an ultrasound knife. This feature ensures more refined incisions, more effective hemostasis and less damage to the surrounding tissues, thus enabling the safe dissection of ELNs at the root. For the experienced surgical team, LG achieve better ligation of the blood vessel and complete resection of LNs with ELN, which may explain why more LN were dissected in LG group. The suprapancreatic area is a region with numerous perigastric blood vessels. Furthermore, suprapancreatic LNs are always deep and tend to wrap branches of the celiac artery. Thus, we predict that LG has significant advantages in the dissection of ESLNs. However, in this study, the patients with R1 resection due to pathological margin were excluded. Therefore, the definite safety of the laparoscopic gastrectomy for advanced gastric cancer was unclear.
Long-term survival after surgery is an important aspect of radical gastrectomy. In Japan and South Korea, the proportion of early gastric cancer patients receiving laparoscopic surgery has been growing rapidly. The longterm follow-up conducted by randomized controlled trial (RCT) experiments shows that LG for early gastric cancer can achieve long-term efficacy equivalent to that of OG. Mochiki et al. [30] . reported that they found no significant difference in the five-year survival rate between 89 cases of LG and 60 cases of OG for early gastric cancer, with rates of 98 and 95%, respectively. The safety and longterm results of LG for advanced gastric cancer have been confirmed by retrospective studies. Multi-center clinical trials regarding long-term oncologic results are also ongoing [24, 31] . However, few comparisons have been made between LG and OG concerning the long-term survival of patients with ELNs.
Our data show that the 3-year OS rate of LG patients with ESLNs is significantly increased compared with that of OG patients, whereas the OS rate is similar among patients with ELNs in other regions. The stratified analysis of the ESLN diameters shows that among patients with early gastric cancer, no differences in OS and CSS rate were observed between the two groups when the ESLNs are of similar size. For patients with stage II or III cancers, the actual 3-year OS and CSS rate for LG is significantly increased compared with OG when the diameter is between 1.0 and 1.9 cm (all P < 0.05). However, when the diameter further increases, the 3-year OS and CSS rate in LG declines accordingly, and the rate is significantly reduced compared with OG when the size exceeds 2.5 cm (P < 0.05). We suggest that the amplification effect of the laparoscope could help surgeons conduct complete membrane separation in the correct anatomic space and thus ensure the simultaneous resection of both mesentery and lymphatic vessels, which conforms more to the concept of radical operation.
The OS rates of patients with early gastric cancer in the LG and OG groups are similar, even though more lymph nodes are resected in the LG group because the lymph node metastasis rate is low. Although ESLNs are huge, LG could not ensure a better rate of survival even if it could retrieve more LNs, as laparoscopic surgery involves the repeated rolling-over of the gastric wall and ELNs, which might squeeze tumors and ELNs and thus increase the risk of tumor cell dissemination and seeding. Our data showed LG group suffer more locoregional recurrence when the size exceeded 2.5 cm, although it did not reach statistical significance. Based on the discovery above, LG is preferable for patients with advanced gastric cancer when the diameter of ESLNs is between 1.0 and 1.9 cm. In contrast, OG may be a better choice when the diameter of ESLNs is greater than 2.5 cm.
Our data showed that the LN size might become a factor that played a significant role in the decision of whether to perform OG or LG. For advanced gastric cancer patients with ELNs except ESLNs, LG and OG have the same curative effect, both are thus applicable. For patients with an ESLN diameter from 1.0 to 1.9 cm, LG could be chosen preferentially. In contrast, LG is not safe if ESLN are greater than 2.5 cm. For patients with an ESLN diameter from 1.9 to 2.5 cm, both procedures can be chosen. However, the conclusion still needs further confirmation by prospective study. This study has a long follow-up period and a large sample size with actual 3-year OS and CSS rates. Thus, our results are reliable. However, our study still has some limitations. First, being retrospective, this study may have some inevitable hidden bias. Although our data showed that the distribution between LG and OG was similar, the possibility of selection bias when patient decided for open or laparoscopic surgery which could also confound results. Disparities were noted between the number of patients undergoing LG and the number of patients undergoing OG. What's more, due to the lack of relevant data, our study did not compare the socio-economic aspects of the two groups, such as financial burden, which may also have an impact on the results. The study did not include a sufficient number of cases with huge ELNs, i.e., a diameter of greater than 2.5 cm. There may be bias in the results due to 7% lost to follow-up. These limitations may have influenced the results to a certain extent. Therefore, the exact long-term efficacy is yet to be confirmed but should be studied with a larger sample and a multi-center RCT. 
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